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SUMMARY 
Aiming to assess the effects of irrigation amount on vegetative growth, yield and berry composition of the red variety Touriga Nacional (Vitis 
vinifera L.) a fi eld trial was installed at the “Centro de Estudos Vitivinícolas do Dão”, Nelas, Portugal. The effects of three irrigation treatments 
(DI30 - 30% of ETc; DI50 - 50% ETc and FI - 100% ETc) were compared to a control non-irrigated (NI) during three growing seasons (2006-
2008). Irrigation affected signifi cantly the fraction of available soil water and the pattern of soil water extraction by the roots either in the row 
and interrow. Predawn leaf water potential was also infl uenced by irrigation amount being the main differences observed between FI (highest 
values) and NI (lowest values). Compared to NI, the full irrigation treatment (FI) induced a signifi cantly higher vigour while the defi cit irrigation 
treatments (DI30 & DI50) returned intermediate values. The FI treatment induced a signifi cantly higher yield as compared to the other treatments 
which returned similar values. Compared to the control non-irrigated, the defi cit irrigation treatments presented similar berry composition during 
all the three seasons while the FI treatment showed a signifi cantly higher total acidity, lower total soluble solids and anthocyanins concentration. 
With the exception of the higher yield observed in FI treatment, in these three seasons irrigation had no other agronomical advantages enabling 
us to conclude that, in the ecological and viticultural conditions of the experiment, irrigation seems to be not necessary. However, further studies 
are needed mainly in soils with lower water holding capacity and in dryer years which frequency are expected to increase in the near future as 
a consequence of the climate change.
RESUMO
Com o objectivo de estudar a infl uência da rega no crescimento vegetativo, rendimento e composição da uva da casta Touriga Nacional (Vitis 
vinifera L.) foi instalado um ensaio numa vinha do Centro de Estudos Vitivinícolas do Dão, Nelas, Portugal. Compararam-se os efeitos de três 
modalidades de rega (DI30 - 30% ETc; DI50 - 50% ETc e FI - 100% ETc) com uma testemunha não regada (NI) durante três anos consecutivos 
(2006 a 2008). A rega infl uenciou de forma signifi cativa quer a fracção de água disponível no solo quer o seu padrão de extracção na linha e 
entrelinha. O potencial hídrico foliar de base também foi infl uenciado pela rega tendo-se observado as maiores diferenças entre a modalidade FI 
(maiores valores) e a modalidade NI (menores valores). A modalidade FI apresentou um maior vigor quando comparada com a modalidade não 
regada enquanto as modalidades de rega defi citária (DI30 & DI50) apresentaram valores intermédios. Quando comparadas com a testemunha 
não regada, as modalidades de rega defi citária não apresentaram diferenças signifi cativas quer no rendimento quer na composição das uvas à 
vindima. A modalidade FI conduziu à obtenção de um maior rendimento e de mostos com acidez total mais elevada e teores em açúcar e an-
tocianinas mais baixos que as restantes modalidades. Com excepção do maior rendimento obtido na modalidade FI, nestes três anos de ensaio 
a rega não proporcionou outras vantagens agronómicas pelo que podemos concluir que, nas condições ecológicas e vitícolas do ensaio, a rega 
parece ser uma técnica cultural desnecessária. No entanto são necessários mais estudos, sobretudo em solos com menor capacidade de retenção 
de água e em anos mais secos, cuja frequência se prevê que venha a aumentar no futuro próximo em consequência das alterações climáticas.
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INTRODUCTION
Water stress and supra-optimal temperatures are 
known to decrease plant carbon assimilation (Maroco 
et al., 2002; Chaves et al., 2007), to reduce vegeta-
tive growth and yield and to affect berry composi-
tion (Esteban et al., 1999; Ojeda et al., 2002; Santos 
et al., 2003, 2005; Pellegrino et al. 2005). In dry 
viticultural regions defi cit irrigation strategies have 
been successfully adopted as management tools to 
ensure an adequate balance between vegetative and 
reproductive development whereas preserving yield 
and improving fruit composition (Stoll et al., 2000; 
Dry et al., 2001; Santos et al., 2003; Loveys et al., 
2004; Roby et al., 2004). However, the irrigation 
amount should be adjusted to the “terroir” and type 
of wine to be produced in order to avoid potential 
negative impacts on vine vigour, berry composition 
and wine quality. When applied in excess, irriga-
tion might induce an excessive vegetative growth, 
increase berry size and reduce skin anthocyanins and 
polyphenol concentrations and, consequently, have 
a detrimental impact on wine quality (Williams and 
Mattews, 1990; Esteban et al., 2001; Santos et al., 
2003, 2005, Intrigliolo and Castel, 2011).
In most part of Portugal grapevine has been cultivated 
traditionally without irrigation but in recent years 
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there have been a strong increase in the irrigated area 
because the growers are afraid of the negative impacts 
of water defi cits on vigor, yield and quality which 
frequency have increased in recent years (Lopes et 
al., 2001; Chaves et al., 2007). This problem mainly 
affects areas where low water holding capacity soils 
are combined with high evaporative demand and with 
low summer rainfall, as is the case of some vineyards 
at the Dão winegrowing region in Portugal (Pedroso 
et al., 2012). On the other hand, the predictions about 
global warming in the near future suggest a reduc-
tion in rainfall in southern Europe and an increased 
evapotranspiration (IPCC, 2007). The achievement of 
these scenarios will lead to more frequent water stress 
situations with the consequent negative impacts on 
the viticulture of Mediterranean winegrowing areas.
The Dão winegrowing region is located in the 
Center-North of Portugal and presents a mesothermic 
climate, with a warm and dry summer and a cold and 
rainy winter (Loureiro and Cardoso, 1993). Despite 
the high yearly average rainfall (1100 mm) only 
a small fraction (8%) falls during the summer. As 
most part of the soils are granitic derived with low 
water holding capacity, in dry years it is common to 
observe water stress symptoms mainly during the 
ripening period. The frequency of those water stress 
situations have increased in the last decade (Pedroso 
et al., 2012) and, consequently, some growers are 
now asking the extension services for more informa-
tion about the feasibility of using irrigation on their 
traditionally rain fed vineyards.
Touriga Nacional (TN) is a Portuguese native red va-
riety widely grown in many Portuguese winegrowing 
regions, namely the Douro and Dão. It is a vigorous 
variety but, when submitted to water stress it reacts 
by an early senescence of basal leaves, problem that 
increases when the water stress is combined with heat 
stress. In such circumstances, depending on the stage 
of ripening, the resulting increase in cluster exposure 
can cause berry sunburn and negative effects on yield 
and berry composition like, for example, a reduction 
in acidity and aromas (Marais et al., 1999; Winter, 
2002, 2009). Moreover, in regions with hot and dry 
summers, like the case of the Dão winegrowing re-
gion, the high temperature that the exposed berries 
can reach may also negatively affect the anthocyanins 
content either by inhibiting the synthesis and/or by 
promoting their degradation or, more common, for 
both reasons (Kliewer and Torres, 1972, Haselgrove 
et al., 2000; Spayd et al., 2002).
Recognized by its high quality, the plantations of TN 
increased in recent years in all Portugal and abroad, 
from 422 hectares in 1983 to 1300 hectares in 2008 
(CVRDão, 2008). However, to our knowledge, only a 
few studies have been done to understand how water 
availability infl uence TN vegetative growth, grape 
composition and wine quality (Rodrigues, 2011; 
Costa et al., 2012; Lopes et al., 2012). This work aims 
to assess the effects of different water regimes on soil 
water depletion, vegetative growth, yield and berry 
composition of the red variety ‘Touriga Nacional’ 
at the Dão winegrowing region during a three year 
period (2006-2008).
MATERIAL AND METHODS
Site and plant material
This work took place at the Dão Grape and Wine 
Research Station (Centro de Estudos Vitivinícolas 
do Dão – CEVDão), Quinta da Cale, Nelas (Latitude 
40° 31’N, Longitude 7° 51’W, Elevation 440 m) in a 
vineyard planted in 2000 with the red grape variety 
‘Touriga Nacional’ grafted on 110 R rootstock. The 
vines were spaced 1.1 m within and 2.0 m between 
rows, trained on a vertical shoot positioning with a 
pair of movable wires and spur-pruned on a bilateral 
Royat Cordon system. All vines were uniformly 
pruned to 11 nodes per vine and during spring a shoot 
thinning was applied in order to adjust the shoot 
number to the average crop load.
Experimental design and irrigation management
The experimental design was a randomized complete 
block design with four replications of twelve vines 
per elemental plot, and the following four treatments: 
NI - Non irrigated (rainfed, control); DI30 - defi cit 
irrigation of 30% crop evapotranspiration under 
standard conditions (ETc); DI50 - defi cit irrigation 
of 50% ETc and FI (full irrigation) - 100% ETc. Two 
buffer rows were established at the borders of the 
experiment and each elemental plot was separated 
by buffer vines (2 to 6 vines).
The soil is from granitic origin, with a coarse texture 
(56.5% course sand; 19.5 fi ne sand; 20 % silt and 4% 
clay), and a very good infi ltration capacity, a pH in 
water of 5.8, 1.4% of organic matter, 108 mg/kg of 
phosphorus and 92 mg/kg of potassium. Meteorologi-
cal variables (net and solar radiation, temperature, 
rainfall, wind speed and relative humidity) were mea-
sured at an automatic weather station installed within 
the experimental plot. Reference evapotranspiration 
(ETo) was determined using the FAO-PM equation 
(Allen et al., 1998).
Drip irrigation lines were positioned along the row 
close to the vine trunks and consisted of self-compen-
sating and self-cleaning 1.7 L/h drippers spaced 0.75 
m. Irrigation scheduling was based on the available 
soil water, expressed as a percentage of transpirable 
soil water down to the 0.6 m depth (FTSW0-60). In full 
irrigation plots (FI), in order to achieve 100% ETc, 
irrigation events were scheduled whenever FTSW0-60 
reached values between 40 and 50 %. In the defi cit 
irrigation treatments (DI30 and DI50) the critical 
FTSW0-60 levels were 10 to 20% and 20 to 30%, re-
spectively for DI30 and DI50. Irrigation depth was 
calculated from the accumulated values of daily ETc, 
as determined with the methodology of Allen et al. 
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(1998), and rainfall occurred since the last irrigation 
event. Table I presents the fi rst and last irrigation dates 
and total amount of water applied.
Measurements
Soil water content was measured with a portable 
capacitance probe (Diviner 2000®; Sentek Sensor 
Technologies, South Australia), calibrated for the 
soils of this experiment. In each elemental plot two 
access tubes were installed, one in the row, between 
two contiguous vines and close (0.05 m) to the drip-
per, and the other in the middle of the interrow. Read-
ings were taken twice a week between budburst and 
harvest at increments of 0.1 m from the soil surface 
to a depth of 1.6 m. At a given date the available soil 
water (ASW) was calculated as the difference be-
tween soil water content on the day of measurements 
and the minimum soil water content, calculated with 
volumetric water content at wilting point (~ pF 4.2).
The fraction of available soil water (FASW) was 
calculated as the ratio of ASW to total transpirable 
soil water according to Rodrigues et al. (2012).
Vine predawn leaf water potential (ψpd) was peri-
odically measured between fl owering (beginning of 
June) and harvest (last week of September). Mea-
surements were carried out on an adult leaf from 
twelve replicate plants of each treatment (3 leaves per 
elemental plot), using a pressure chamber (Model 600 
PMS instrument Co., Corvallis, OR, USA). 
Canopy density at the fruit zone was assessed by 
point quadrat analysis (Smart and Robinson, 1991) 
and, in winter, shoot number and fresh pruning weight 
per vine were recorded. The yield was monitored 
by recording the number of clusters and their total 
weight from the 12 plants per elemental plot. At 
harvest a sample of 100 berries per elemental plot 
was collected and the juice was analyzed for soluble 
solids, titratable acidity, pH and total phenols by 
Fourier Transform Infrared Spectroscopy (FTIR). 
Berry skin anthocyanins were determined by the 
 Treatment 2006 2007 2008 
First irrigation date 
FI 30/6 (32) 8/6 (0) 10/7 (27) 
DI50 11/7 (43) 4/8 (60) 12/7 (29) 
DI30 21/7 (59) 24/8 (80) 2/8 (50) 
Last irrigation date 
FI 19/9 (113) 21/09 (108) 21/09 (100) 
DI50 13/9 (107) 20/9 (107) 21/09 (100) 
DI30 5/7 (99) 19/9 (106) 09/09 (88) 
Total water applied (mm) 
FI 228 273 253 
DI50 99 101 105 
DI30 49.5 57 55 
TABLE I
First and last irrigation dates (days after fl owering) and total amount of water applied (seasons 2006-2008). NI – Non-irrigated; DI30 - 30% 
ETc; DI50 - 50% ETc; FI - 100% ETc.
Data da primeira e última rega (dias após fl oração) e quantidade total de água aplicada (2006-2008). NI – Não regado; DI30 - 30% ETc; 
DI50 - 50% ETc; FI - 100% ETc.
method of discoloration by sodium bisulfi te and total 
phenols by Folin-Ciocalteau index (Ribéreau-Gayon 
et al., 1972).
Data analysis
Data was subjected to a two-way analysis of variance 
using the SAS® program package (SAS Institute, 
Cary, NC, USA). Year was considered as a random 
variable and the error term for the treatment factor 
was the year × treatment interaction mean square 
(Gomez and Gomez, 1984). Treatment comparison 
was performed each year by LSD test at P < 0.05.
RESULTS AND DISCUSSION
Climate
During the experimental period (2006–2008) the 
mean air temperature ranged between 5ºC (mean 
minimum monthly temperature in January 2006) 
and 23ºC (mean maximum monthly temperature in 
August 2006), being 2006 the season with the hottest 
growing period. The total annual rainfall was 900, 
1390 and 713 mm, in 2005/2006, 2006/2007 and 
2007/2008 hydrological years, respectively, being 
2006/2007 the wettest one (Fig. 1). 
Soil and plant water status
During the experimental period the seasonal pattern 
of volumetric soil moisture in the 0–1.6 m soil profi le 
showed a similar decreasing trend throughout the 
growing season in all treatments and seasons (data 
not shown). The FTSW0-160 during the 2007 season 
showed a decreasing pattern in all treatments during 
the period between budburst and fl owering and then 
a small recover in the beginning of July caused by 
the rainfall (Fig. 2). After that rainfall, while in the NI 
treatment, the FTSW0-160 showed a decreasing trend, 
achieving the lowest values at the end of August, in 
the irrigated treatments it presented an oscillatory 
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pattern induced by the irrigation events. At the end of 
the season the FTSW0-160 presented a recover induced 
by the rainfall occurred in the middle of September.
Soil water depletion (SWD) in the 1.6 m profi le was 
calculated either for the row and interrrow assuming 
the absence of runoff, deep percolation and capillary 
rise from deeper layers. Despite some differences 
observed in the behavior of SWD the general trend 
was similar for the three seasons (data not shown). 
Fig. 3 presents the daily average SWD calculated 
for three main growing periods of the 2007 season. 
During the spring SWD presented similar values in 
the row and in the interrow but from fl owering to 
harvest the SWD in the row was, in general, higher 
than that of the interrow. During the spring period 
(April 23th to June 8th) all treatments presented similar 
SWD both in the row and interrow (ca.1 mm.day-1) 
indicating that, in the absence of irrigation, the 
vines explore in a similar way both the row and the 
interrow as observed by other authors (Stevens and 
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Figure 1 - Total rainfall (bars) and monthly mean temperature (lines) observed at the experimental site during the hydrological 
years of 2005/2006, 2006/2007 and 2007/2008 and average values of 30 years (normal) (1959-1988).
Precipitação total (barras verticais) e temperatura média mensal (linhas) registadas no local do ensaio nos anos hidrológicos 
2005/2006, 2006/2007 e 2007/2008 e valores médios de 30 anos da temperatura média (normal) (15959-1988).
Figure 2 - Effect of irrigation on the seasonal pattern of the fraction of transpirable soil water in the 0-1.6 m soil 
profi le (FTSW) measured in situ during the 2007 growing season. Each point represents the mean and standard error 
of the measurements made on 4 access tubes per treatment. NI – Non-irrigated; DI30 - 30% ETc; DI50 - 50% ETc; FI - 
100% ETc.
Efeito da rega na evolução anual da fração da água disponível no perfi l do solo 0-1.6 m (FTSW160) medida in situ no 
ciclo vegetativo de 2007. Cada ponto representa a média e o erro padrão das medições efetuadas em 4 tubos de acesso. 
NI – Não regado; DI30 - 30% ETc; DI50 - 50% ETc; FI - 100% ETc.
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Douglas, 1994; Rodrigues, 2011). Within the period 
fl owering-veraison the FI treatment presented a dif-
ferent SWD than that of the other treatments which 
showed statistically similar values. While in the row 
FI presented the signifi cantly highest SWD value (2.2 
mm.day-1), in the interrow it showed the lowest one 
(1.2 mm.day-1). During the ripening period, the SWD 
of the irrigation treatments increased with the increase 
of the irrigation amount (Fig. 3) and the two defi cit ir-
rigation treatments showed statistically similar SWD 
values but higher than the control non-irrigated. Dur-
ing that period the SWD of the irrigation treatments 
presented an increase in the row and a decrease in 
the interrow. This differential behavior between row 
(wet) and interrow (dry) zones can be explained by 
the effect of irrigation on the pattern of soil water 
extraction by the roots in the wetted zone. Indeed, in 
drip irrigation vineyards it is common to observe an 
increase of water extraction from the top soil wetted 
layers near the drippers and a decrease both in the 
interrow and at deeper layers (Stevens and Douglas, 
1994; Rodrigues, 2011). In the whole monitored 
period (158 days in 2007), the total row SWD in FI 
was almost the double (2.2 mm.day-1) of that of NI 
(1.2 mm.day-1) while the defi cit irrigated treatments 
presented intermediate values (1.5 mm.day-1 and 1.9 
mm.day-1 in the DI30 and DI50 respectively). In the 
interrow FI was the treatment with the lowest SWD.
Predawn leaf water potential
As compared to 2007 and 2008 the fi rst season of 
the experiment (2006) was the driest one as can be 
observed from the predawn leaf water potential (ψpd) 
values presented by the NI treatment (Fig. 4). Indeed, 
after the 2006 fl owering in the non-irrigated vines 
the ψpd displayed a decreasing pattern attaining the 
lowest values at the end of August (ca -0.4 MPa) 
which indicates a moderate water stress situation 
(Deloire et al., 2003). In 2006 irrigation affected 
signifi cantly the predawn values in most part of the 
measurements being the main differences observed 
between FI (highest values) and NI (lowest values) 
while the defi cit irrigation treatments presented in-
termediate values which were close to FI (DI50) or 
to NI (DI30). These differences can be explained by 
the effect of irrigation on soil water availability as 
ψpd equilibrates with soil water potential of the more 
wetted soil volume explored by the roots (Pacheco, 
1989; Jones and Tardieu, 1998, Lopes et al., 1999).
In the 2007 and 2008 seasons all treatments showed 
ψpd values higher than -0.20 MPa during all season 
indicating the absence of water stress (Van Leeuwen 
et al., 2009) and, despite some signifi cantly higher 
values presented by FI (mainly in 2007), in general, 
the differences between treatments had a very low 
magnitude.
Vegetative growth, yield and berry composition
Shoot number per vine presented similar values along 
the three seasons with no signifi cant effect of the ir-
rigation amount (Table II). The absence of differences 
may be explained by the adjustments made to the 
shoot number by the shoot thinning done in spring 
on all treatments. The average winter pruning weight 
presented an increase from 2006 to 2008 (0.6, 0.9 and 
1.2 kg per vine for 2006, 2007 and 2008 respectively). 
The higher pruning weight observed in 2008 could be 
attributed to the lower competition of the reproduc-
tive sink caused by the poor setting observed in that 
season. Compared to NI the FI treatment induced 
a signifi cantly higher winter pruning weight while 
the defi cit irrigation treatments returned intermedi-
ate values (Table II). As for the pruning weight, the 
average shoot weight, one of the best indicators of 
vine vigour (Champagnol, 1984), showed an increase 
from 2006 to 2008 (46.5, 69.5 and 105.0 g per shoot 
respectively). This vigour increase may be explained 
by the differences observed between seasons on the 
weather conditions and/or on the fruit to shoot ratio 
as 2008 had a very low yield. The effect of irrigation 
amount on shoot weight mirrored that reported for 
pruning weight. This increase in vegetative growth 
in the FI treatment as compared to NI is a common 
Figure 3 - Effect of irrigation on the row (A) and interrow (B) soil 
water depletion (SWD) in the 1.6 m profi le during the 2007 season. 
Before F - period between infl orescence visible and fl owering; FV 
- period fl owering-veraison; VH - period veraison-harvest; whole 
period - period between infl orescence visible and harvest. Vertical 
bars indicate the standard error. Different letter suffi xes indicate 
statistically signifi cant differences at P < 0.05 by LSD test. NI – 
Non-irrigated; DI30 - 30% ETc; DI50 - 50% ETc; FI - 100% ETc.
Efeito da rega na depleção da água no solo na linha (A) e na 
entrelinha (B) no perfi l do solo até 1.6 m no ano 2007.  Before 
F – período entre infl orescências visíveis e fl oração; FV – período 
entre a fl oração e o pintor; VH – período entre o pintor e vindima; 
whole period – período entre infl orescências visíveis e vindima. 
As barras verticais representam o erro padrão. Letras diferentes 
signifi cam diferenças estatisticamente signifi cativas com P<0.05 
pelo teste LSD. NI – Não regado; DI30 - 30% ETc; DI50 - 50% ETc; 
FI - 100% ETc.
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result observed in irrigation experiments (Kliewer et 
al., 1983; Williams, 2000; Santos et al., 2003; De la 
Fuente et al., 2007) being explained by the positive 
effect of the higher available water on vegetative 
growth (Williams and Matthews, 1990).
The cluster number presented similar values along the 
three seasons and was not signifi cantly affected by 
the irrigation treatments (Table II). The average yield 
was similar in 2006 and 2007 (3.7 and 4.0 kg/vine 
respectively) but was very low in 2008 (1.5 kg/vine) 
as a consequence of a poor setting, which induced a 
strong reduction of the cluster weight (from 179.2 
and 191.5 g/cluster, in 2006 and 2007 respectively 
to 70.5 g/cluster in 2008). This poor setting observed 
in 2008 was induced by the lower temperatures and 
rainfall occurred during the fl owering period (May, 
2004) and is a common problem for this variety 
which is very prone to coulure (Brites and Pedroso, 
2000). Regarding the effect of irrigation, due to a 
higher cluster weight, the FI treatment presented a 
signifi cantly higher yield than the other treatments 
which returned statistically similar values. A similar 
irrigation effect was obtained by Santos et al. (2003, 
2005) with the red variety ‘Castelão’ in Portugal and 
by Intrigliolo and Castel (2008) in Spain with the 
variety Tempranillo.
Regarding berry composition, in average the full ir-
rigation treatment induced a signifi cantly lower Brix, 
higher titratable acidity and lower pH as compared to 
the other two defi cit irrigation treatments which pre-
sented statistically similar values to the non-irrigated 
one. This effect was much more pronounced in 2007 
and 2008 than in 2006. The better plant water status 
combined with the higher canopy density in the FI 
treatment relative to the other treatments (data not 
shown: e.g. 2007: leaf layer number at mid-ripening 
was 2.25, 2.7, 2.67 and 3.21, respectively in NI, DI30, 
DI50 and FI treatments, could explain the higher must 
titratable acidity of FI treatment as must acidity was 
shown to decline with water and heat stress due to 
an accelerated decrease in malic acid (Williams and 
Matthews, 1990; Esteban et al., l999). 
No signifi cant differences were detected in total 
phenols, but the FI treatment presented signifi cantly 
lower berry skin anthocyanins concentration than the 
other treatments which returned similar values (Table 
II). This lower berry skin anthocyanins observed in 
the FI treatment is a common result reported in most 
part of the irrigation experiments that compares a 
full irrigation treatment with defi cit irrigation and/
or non-irrigated grapevines (e.g. Santos et al., 2005; 
Ojeda, 2008). The possible explanations for these 
effects are related to the, already reported, effect of 
the higher plant water availability on the promotion 
of vegetative and reproductive growth and the con-
sequent negative impacts either on the cluster zone 
microclimate and/or the skin/pulp ratio (Williams 
and Mathews 1990; McCarthy et al., 2002; Roby et 
al, 2004; Santos et al., 2005). 
CONCLUSIONS
Despite the fact that in the non-irrigated vineyards 
of the Dão winegrowing region it is very common 
to observe vine water stress symptoms, mainly at 
the ripening period (Pacheco et al., 1997; Andrade, 
2003), during the three studied seasons (2006-2008), 
only in 2006 we were able to detect a moderate water 
stress situation. Soil water depletion curves show 
that in the absence of irrigation the vines explore in 
a similar way both the row and the interrow but when 
irrigated they reduce the extraction of water from 
the interrow. The full irrigation treatment produced 
a higher yield but induced an excessive vine vigour 
and lower must quality. Besides the differences in the 
amount of water applied, both defi cit irrigation treat-
ments showed similar vine responses on vigour, yield 
and berry composition which were not statistically 
2006
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Figure 4 - Effect of irrigation on predawn leaf water potential measured during the 2006 – 2008 seasons. Each point represents the average of 12 
measurements with the standard error. NI – Non-irrigated; DI30 - 30% ETc; DI50 - 50% ETc; FI - 100% ETc. ns – not signifi cant; * signifi cant (P < 
0.05).
Efeito da rega no potencial hídrico foliar de base nos três anos em estudo (2006 – 2008). Cada ponto representa a médio e erro padrão de 12 
medições. NI – Não regado; DI30 - 30% ETc; DI50 - 50% ETc; FI - 100% ETc. ns – não signifi cativo; * signifi cativo (P <0.0).
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different from the control non-irrigated.
As in the three studied seasons, irrigation had no ma-
jor agronomical advantages relatively to the control 
non-irrigated we can conclude that, in this “terroir”, 
irrigation seems not to be necessary. However, this 
conclusion should be looked with care because the 
two last seasons of the experiment were characterized 
by abnormally low atmospheric demand during the 
summer, which is atypical for this region of hot and 
dry summers. Further studies are needed mainly in 
soils with lower available water than the one of our 
experiment and in dry years which frequency are ex-
pected to increase in the near future as a consequence 
of the climate change.
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